Mediterranean islands and mainland territories; whereas only 12 species of the other 23 as isolated habitats affecting dispersion and constraining gene flow, we supposed that the 26 temporal history and mode of diversification of species from both subgenera should differ 27 and therefore be reflected in their phylogenetic patterns. To assess this hypothesis, we 28 performed a molecular phylogeny based on mitochondrial and nuclear DNA sequences 29 and later conducted an independent analysis to examine the potential effect of certain 30 geographical and ecological variables in the genetic divergences of the subgenera. 31
Additionally, we estimated the ancestral area of diversification of both groups. Published 32 anatomical revisions and our molecular analyses suggest that the genus Pseudamnicola 33 should be divided into three genera: the two previous subgenera plus a new one described 34
here. As postulated, the evolution of the spring organisms was strongly related to habitat 35 fragmentation and isolation, whereas dispersal followed by divergence seem to have been 36 the most common speciation processes for euryhaline species inhabiting coastal streams 37 and low river stages in which waters remain connected. On the contrary, rather than 38 habitat fragmentation or dispersion, environmental conditions have played a larger role 39 during the deep divergent split leading to the three genera. 40
Introduction

50
The current species diversity is a result of the interaction of several evolutionary and 51 ecological processes which generate and define each species. In the last decades 52 evolutionary biologists have investigated such driving forces through the reconstruction 53 of species-level phylogenies, since they represent hypothesis about the speciation events 54 that originated the extant organisms (Barraclough & Nee 2001; Stadler & Bokma 2013) . 55
Traditionally, lineages divergence in allopatry is considered the most frequent scenario for 56 speciation (Endler 1977; Coyne & Orr 2004) , modulated by population dispersion and the 57 presence of geographical barriers that maintain isolated the split populations (Gavrilets & 58 Losos 2009; Glaubrecht 2011). However, a barrier does not need to be a geographical 59 entity and may be also considered as a sudden shift of environmental conditions where 60 the suitable habitat for a species ends (Fitzpatrick et al. 2009; Pyron & Burbrink 2010) . 61
For instance, changes in the chemical parameters of the aquatic environment can favor 62 allopatric separation between populations, especially for those groups that exhibit scarce 63
Previous works revealed that diversification patterns of Pseudamnicola species belonging 117 to the same subgenus are related to geographical isolation rather than ecological 118 divergence (Delicado et al. 2013 (Delicado et al. , 2014 . Beyond what has been shown by these studies, we 119 hypothesize that the temporal history and mode of diversification of the exclusively 120 springsnail P. (Corrosella) species should differ of P. (Pseudamnicola) species, which are 121 more euryhaline in habit. Springs and headwaters of streams, the habitat type of P. 122 (Corrosella) species, typically present more stable conditions, being however more 123 vulnerable to severe environmental changes (as flooding or desiccation, pollution, etc.), 124 which makes them isolated habitats and limiting factor for dispersion . 125
Moreover, due to their spatial location in small areas at high altitudes, most of these 126 springsnail species occur in a very confined number of localities or even are single-site 127 endemisms, increasing their risk for extinction (Strong et al. 2008 Despite this study did not compare upstreams and downstreams populations belonging to 135 the same taxonomic group, its results suggest that habitat type is a very influential factor 136 on dispersal capabilities and, therefore, on the genetic structure of the populations. 137
Thus, based on this background, in the present study we gathered for the first time 138 mitochondrial and nuclear DNA sequences data of species from both subgenera to: i) build 139 a molecular phylogeny and thus compare the time and mode of diversification of both, the 140 strict springsnails and lowland stream, subgenera, ii) conduct an independent analysis to 141 assess the potential effect of habitat transition on the divergence of the lineages, iii), 142 estimate their ancestral biogeographic areas of diversification, and iv) finally clarify the 143 systematic status of the genus Pseudamnicola, and its subgenera. On the whole, through 144 this multidisciplinary study, we aim at providing a holistic overview of the evolutionary 145 framework of an organismal group linked to different inland aquatic ecosystems. 146
147
Material and methods
148
Samples and sequences 150 151
To assess Pseudamnicola evolutionary relationships, we examined a total of 202 152 individuals from 91 localities (Fig. 1) (Fig. 1, Table S1 ). 
218
An ultrametric species tree of the genus Pseudamnicola was inferred by coalescence 219 approach in the program *BEAST (Heled & Drummond 2010 ). This extension of the 220 package BEAST works to combine datasets from multiple gene loci and multiple 221 individuals per species, crumpled conforming to a grouping file, to generate a species tree. 222
In the absence of outgroups, a total of 202 individuals was grouped in the previously 223 described Pseudamnicola species and those potentially identified as new in the 224 phylogenetic analyses. All the priors as well as the grouping file were compiled in an input 225 file generated by the interface BEAUti v. 1.7.1 (Drummond et al. 2012) . In order to 226 ascertain whether the substitutions rates were constant in all the branches, we performed 227 a relative rate test (Takezaki et al. 1995) included in the program PHYLTEST 2.0 (Kumar 228 1996). As no uniformity in the rates was detected, we used an uncorrelated lognormal 229 The maximum clade credibility tree of all sampled trees was compiled in TreeAnnotator v. 244 1.7.1. The topology of this tree as well as BPPs, node ages and 95% high posterior density 245 (HPD) intervals were finally visualized in FigTree v. 1.3.1 (Rambaut 2010) . 246
As independent analyses, we performed several Mantel test (Mantel 1967) 
Results
281
Phylogenetic reconstruction and species boundaries
Mitochondrial data set. After combining COI and 16S fragments, a total of 1170 characters 284 was obtained, of which 658 were for COI and 512 for 16S. The COI data set contained 257 285 variable sites, 236 of which were parsimony informative. The 16S data set contained 169 286 variable sites, 118 of which were parsimony informative. In all reconstructions with this 287 data set, the two subgenera of Pseudamnicola were revealed as two well-supported 288 monophyletic groups, with the exception of the species P. (P.) gasulli that constituted an 289 independent clade (Fig. 2) . However, the relationships between these groups were not 290 obvious from the study of these mitochondrial genes, and this was reflected in the position 291 contrast, in the 16S reconstruction, this species was more closely related to the other P. 294
(Pseudamnicola) species, though this was poorly supported in the ML analysis. Overall, the 295 relationships among Pseudamnicola species seemed better resolved in the COI analysis 296 (Fig. 2) . The percentage of sequence divergence was higher for COI than for 16S, with with the other P. (Pseudamnicola) species, with a ML bootstrap value and BPPs near 80% 305 and 0.8, respectively. All the species were grouped as a polytomy within their 306 corresponding clades (Fig. 2) . 307
Combined data set. All the multi-locus inferences recovered a total of 26 species of 308 Pseudamnicola s. l., 20 out of them previously identified through integrative methods and 309 six discovered as new taxa. ABGD analysis confirmed the assignment of the sequences in 310 these new six species; however, some of the previously known species were split in two 311 groups, increasing the number of species suggested by ABGD analysis to 36, eight 312 additional species for the subgenus Corrosella and two for Pseudamnicola. Moreover, there 313 were obvious disparities between the nuclear and mitochondrial gene trees related to the 314 phylogenetic position of P. (P.) gasulli. Because of these disparities, the ILD test showed no 315 congruence between the mitochondrial and nuclear data. Nevertheless, this does not meanthan the resulting phylogeny was incongruent. As shown in Fig. 2 , the phylogeny of the 317 genus was well resolved at basal nodes, however the evolutionary relationships among the 318 three lineages constituting Pseudamnicola were ambiguous. 319
The biogeographic pattern reflected by the MP, ML and BI topologies was more explicit in 320 The non-constancy of the substitution rate has been demonstrated since the relative rate 334 test showed significant differences in evolutionary rates between tree branches along the 335 phylogeny (branches that showed significant differences in evolutionary rates are 336 highlighted in Fig. 2) . Thus, the model of constant-rate of diversification may be rejected 337 and the relaxed molecular clock approach applied. After performing the analysis, the 338 substitution rates inferred for each partition (substitution/Myr) were 0.3% for 16S and 339 0.17% for 28S. Given that the posterior values of the parameters ucld.stdev and 340 coefficients of variation in all the markers were greater than zero, evolution has not been 341 clock-like for these genes. Furthermore, 28S had higher deviation from a strict clock model 342 as its coefficient of variation was greater than 1. 343
The topology of the chronogram with corresponding confidence intervals analyzed in 344 *BEAST is shown in Fig. 3 . Using an estimated rate of 0.81 ± 0.24% substitution/Myr for 345 the COI fragment, and rate estimations for 16S and 28S, the most basal split leading to the 346 three major clades within Pseudamnicola was calculated to have occurred ca. 
Ancestral area estimation 375
According to a log-likelihood-ratio test, all the models tested in BioGeoBEARS which 376 assume founder event speciation (+J) displayed significantly higher likelihood values than 377 those without (all p < 0.05). According to model selection criteria AIC, no significant 378 differences were found among the three +J models. However, the DEC +J model obtained 379 
Exploring causes of diversification 390 391
Mantel tests performed separately for each subgenus (Delicado et al. 2013 (Delicado et al. , 2014 revealed 392 no correlation between the genetic distance matrix and physical variables, such as 393 conductivity and altitude, but a pattern of isolation by distance was found. However, when 394 both subgenera were included in the analysis, Mantel tests showed significant correlation 395 with the three examined variables, namely conductivity, altitude and geographic distance 396 (Table 1) . Despite this, conductivity and altitude only had minor influences, compared to 397 geographic distance, on the divergence of the subgenera for the COI and 16S genes, while 398 conductivity had more influence for the 28S gene, followed by geographic distance. has played an important role in the diversification of the group as it is, to date, the only 500 region in which all three proposed genera inhabit. Thus, given the more restrictive 501 distribution pattern of Corrosella and the distribution pattern of Didacus gen. n. 502
(composed of Didacus gasulli) with respect to that of Pseudamnicola, their evolution may 503 be a result of a peripatric (allopatric) speciation that occurred in the Iberian Peninsula (as 504 shown in Fig. 3 ). During the Oligocene and Miocene (between 35 Ma and 5.33 Ma), the 505 Iberian Peninsula suffered a compressive period with the loss as well as adhesion of 506 several continental fragments (Hevia 2004) in which most of the Iberian mountain ranges 507 originated, thereby affecting the region's hydrological system. The creation of these 508 physical barriers may have caused an isolation process followed by vicariance by which 509 the geographical range of the last common ancestor of the three genera was fragmented in 510 a relatively short period of time, thus leading to the separate lineages. However, it seems 511 that some populations not only remained isolated but also evolved and adapted to new 512 habitat conditions in a mountainous environment (as in the case of the genus Corrosella). 513
It is noteworthy that our results revealed significant differences in habitat features 514 (altitude and conductivity) between genera (Table 1) , which may be a consequence of an 515 adaptive process. Therefore, this may be a case in which there is some implicit degree of 516 natural selection in allopatric speciation, as postulated by Wright (1931) . 517
With respect to Corrosella species, the inclusion of additional Pseudamnicola sequences to 518 the *BEAST analyses did not substantially change the divergence times previouslyestimated for the three major cladogenetic events leading to diversification within the 520 Corrosella clade (see Delicado et al. 2013 ). In the analysis here, these events are estimated 521 to have occurred slightly earlier (ca. 12 Ma, 6 Ma and 3 Ma) to the ca. 10 Ma, 5 Ma and 2 522
Ma estimated in Delicado et al. (2013) . In any case, these ages indicate that their 523 phylogenetic relationships and distribution could be the result of vicariant and climatic 524 events that occurred in the Iberian Peninsula during the Miocene, or of a process of 525 isolation by distance (Wright 1943 (Fig. 3) . The inclusion of more populations from different Mediterranean localities in 546 future analyses will help to clarify the most likely evolutionary scenario of the 547 Pseudamnicola s. str.. In any case, the coalescence analysis performed with the available 548 data shows rapid cladogenetic events whose period does not mismatch any of the 549 hypotheses discussed above, as such events seem to have been posterior to the geological 550 origin of the western Mediterranean region and anterior to Plio-Pleistocenic glaciations. 551
Thus, the tree topologies and estimated divergences suggest the geological events 552 occurred during the Messinian salinity crisis (MSC) (between 5.96-5.33 Ma, according to 553 Krijgsman et al. 1999) as the main drivers for the diversification of Pseudamnicola s. str.Pseudamnicola s. str., we deduce that such a cladogenetic event is more likely to have 556 occurred by a process of colonization of several Mediterranean regions during the MSC 557 followed by isolation, rather than by a vicariant event produced by fragmentation of a 558 larger habitat. This is probably testified by the j parameter in our ancestral area 559 estimation. The poor dispersal capability of freshwater snails (they require permanent 560 water courses, although they may survive desiccation for several days) (Jensen et al. 1996 designationDiagnosis. Shell ovate-conic, slightly longer than wide and an aperture wider than long; 588 female genitalia with pyriform bursa copulatrix, pigmented renal oviduct and one elongate 589 seminal receptacle; prostate gland between two and three times longer than wide; penis 590 broadly triangular with the base expanded and many folds along its entire surface; penis 591 with a dark patch of pigment, whose extension varies among species, from its middle 592 region to the tip; pigmented nervous system generally elongate. 593
594
Genus Corrosella Boeters, 1970 595 Pseudamnicola (Corrosella) (Boeters, 1970 ) 596
597
Type species. Corrosella falkneri Boeters, 1970 598 New diagnosis. Shell ovate-conic, generally eroded, and longer than wide; female genitalia 599 with pyriform bursa copulatrix, pigmented renal oviduct and one short seminal receptacle, 600 either elongated or pyriform; prostate gland around three times longer than wide; penis 601 gradually tapering with the base expanded and some folds in middle section; dark patch of 602 pigment in penis, with different sizes, from the middle region to the tip; pigmented 603 nervous system from moderately concentrated to elongate. 604 605 Genus Didacus gen. n. inference of the combined data set (top) and the mitochondrial fragments (COI and 16S) 918 and the nuclear 28S (bottom). In the combined inference bootstrap supports of the 919 branches resulted > 90% and BPPs > 0.9, except for those branches highlighted through: 920 black circles, in which MP and ML bootstraps range between 50% and 90% and BPPs 921 between 0.5 and 0.9; and black squares, in which bootstraps also range between 50% and 922 90%, but posterior probabilities are > 0.9. In the individual trees of the bottom asterisks
